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OPINIONS AND SUPPORTING STATEMENTS ON EXPERT REPORT BY
DR. BERNARD ENGEL

The U.S. Environmental Protection Agency (2008) has issued official guidance on the
development, evaluation and application of environmental models. Model evaluation provides
information to determine when a model, despite its uncertainties, can be appropriately used to
inform an environmental decision. It addresses the appropriateness of a model for a given
application, the soundness of the underlying science, the quality and quantity of available
data, and the degree to which model results correspond to observations.

Model evaluation includes model corroboration, and sensitivity and uncertainty analyses.

This EPA guidance defines model corroboration as quantitative and qualitative methods for
evaluating the degree to which a model corresponds to reality. In practical terms, it is the
process of “confronting models with data.” In some disciplines, this process has been referred
to as validation. EPA prefers the term “corroboration” because it implies a claim of
usefulness and not truth. Calibration is part of the corroboration process and involves
adjusting model parameters until model predictions give the best fit to observed data.
Sensitivity and uncertainty analyses investigate how model outputs are affected by changes in
selected model inputs.

My expert report begins by addressing the soundness of the underlying science in the models
developed by Dr. Engel and the appropriateness of these models for the IRW and the opinions
he puts forth. Next it addresses the quality and quantity of the available data, and how these
data were used by Dr. Engel to apply his models. Finally it addresses the degree to which the
results of Dr. Engel’s models correspond to reality. Throughout my report I set forth my
opinions on Dr. Engel’s methods, results and claims.

1. The entire construct put forth by Dr. Engel is fundamentally flawed.
His modeling framework is conceptually flawed and not appropriate for
the IRW.

Supporting Statement 1a: The phosphorus mass balance in Dr. Engel’s expert report is an
inappropriate construct and is not relevant to the relationship between phosphorus sources
and water quality.

The phosphorus mass balance in Appendix B of Dr. Engel’s expert report is an inappropriate
construct that is irrelevant to water quality impacts in IRW streams and rivers, and in Lake
Tenkiller. Conceptually, Dr. Engel encased the entire IRW, including all of the air, land and
water compartments, in a “bubble” and considered only the phosphorus movements into and out
of this “bubble.” These phosphorus movements are irrelevant to water quality impacts in the
IRW. The only phosphorus movements that are relevant are those that occur inside this “bubble”
from land to water or from atmosphere to water.

The mass balance conducted by Dr. Engel completely ignores movement (or delivery) of
phosphorus loads from any land-based sources within the IRW to streams and rivers or to Lake
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Tenkiller. His analysis does not tell us how much phosphorus reaches the water or how much
reaches the lake, and it does not account for WWTP discharges or septic system releases.

On Page 32 of his expert report, Dr. Engel states that poultry production within the IRW is
currently responsible for more than 76 percent of the net annual phosphorus additions to the
IRW. This claim is based on Dr. Engel’s phosphorus mass balance and is a completely
misleading representation of the relative contribution of poultry litter phosphorus to water quality
impacts in the IRW.

Dr. Engel’s mass balance does not consider a “starting point” for phosphorus in the IRW because
it includes only sources and sinks of phosphorus, not reservoirs of phosphorus already present.
Table 11 in Appendix B of Dr. Engel’s expert report indicates that phosphorus additions to the
IRW from poultry were 4,642 tons in 2002. From materials produced by Dr. Engel, the total
phosphorus mass in the IRW soil in his GLEAMS model is 6,370,998 tons. This reservoir
represents the sum of phosphorus mass for actual conditions (1997-2006) in all soil horizons
(layers) in his GLEAMS model. The bottom depths of these soil horizons range from 15.24 to
83.93 inches, depending on location.

Consequently, the annual phosphorus addition to the IRW from poultry litter represents less than
0.07 percent of the total phosphorus mass already present in the soil of the IRW, as represented
in Dr. Engel’s GLEAMS model. This phosphorus mass reservoir of 6,370,998 tons is not
accounted for in the phosphorus mass balance that Dr. Engel conducted.

Supporting Statement 1b: The GLEAMS model used by Dr. Engel is an inappropriate tool
for predicting watershed-scale nonpoint source phosphorus loads to streams and rivers in
the IRW,

GLEAMS (Groundwater Loading Effects of Agricultural Management Systems) was developed
to simulate edge-of-field and bottom-of-root zone loadings of water, sediment, pesticides and
plant nutrients from agricultural fields. GLEAMS is a field-scale model and operates at daily
time scales. Dr. Engel inappropriately used GLEAMS to predict watershed-scale nonpoint
source phosphorus loads from the land to streams and rivers for the entire IRW. In addition, he
used GLEAMS for the IRW despite its limitations and uncertainties for predicting phosphorus
loads that he identified in his own previous work, as discussed below.

In a U.S. Environmental Protection Agency (EPA) report entitled, “TMDL Model Evaluation
and Research Needs,” Shoemaker et al. (2005) describe GLEAMS as a continuous simulation,
field-scale model that assumes that a field has homogenous land use, soils and precipitation.
They characterize GLEAMS as an edge-of-field model that has a low level of support for
watersheds and no support for receiving waters.

Shoemaker et al. (2005) specifically state three limitations for use of the GLEAMS model:
e Limited to an agricultural field of very small size
o Not suited for bigger watersheds

e Not suited for urban land uses.
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Supporting Statement 2¢: Most of the inputs for Dr. Engel’s GLEAMS model are default
or generic values and are not based on conditions in the IRW.

Model outputs cannot be accurate and reliable unless the model inputs represent real-world
conditions in the system being modeled. In other words, garbage in equals garbage out. Most of
the inputs used by Dr. Engel for his GLEAMS model were default or generic values that were
not based on data for the IRW, nor were they shown to reasonably represent conditions in the
[RW. This calls into question the accuracy and reliability of his model predictions for nonpoint
source phosphorus loads to streams and rivers in the IRW.

There are several ways in which a GLEAMS model user can provide plant nutrient input
parameters for a particular application. Two examples of such parameters would be CLAB
(labile phosphorus concentration in the soil horizon) and RATE (rate of application of animal
waste). First, the GLEAMS model itself can provide its own plant nutrient input parameters.

For example, if a user provides their own input value for CLAB, GLEAMS can distribute this
value into the appropriate computational layers. If soil nutrient data are available for local soils
the user should input those values, but if such data are not available, generalized estimates can be
generated by GLEAMS itself.

Second, GLEAMS contains a default database for plant nutrient input parameters that represents
data compiled from a number of sources and locations. This database is not specific to the IRW.
The GLEAMS user can decide whether to use actual data for local soils or the default data base
contained in GLEAMS.

Third, as a starting point for a site-specific application, a GLEAMS user could simply decide to
use plant nutrient input parameters from the several example tables in the appendices to the
GLEAMS Manual (Knisel and Davis 2000). These values could be from the default database in
GLEAMS, generalized estimates generated by GLEAMS, or from other sources. Again, these
values are not specific to the IRW.

I will use the term “default” to refer to the default values in the GLEAMS database and the
generalized estimates generated by the GLEAMS model itself. I will use the term “generic” to
refer to values taken directly from one of the example tables in the appendices to the GLEAMS
Manual.

The U.S. EPA (2008) guidance on environmental models is clear on the importance of using
real-world data for model inputs. On Page 16 it states, “The most appropriate data ... should
always be selected for use in modeling analyses. Whenever possible, all parameters should be
directly measured in the system of interest.” On Page 19 it states, “Even though a modeling
framework (or system of equations) might be technically sound, a particular site-specific
application of the modeling framework may still be highly uncertain if the data used to construct
the application are limited in quantity or quality. For such an application, the model would not
have the necessary scientific credibility or utility to support an environmental decision.”

On Page 137 of the GLEAMS Manual (Knisel and Davis 2000) in the section on “Nutrient
Parameters Description,” it states that, “The plant nutrient component of GLEAMS and the
associated parameter values allow the user to make a generalized application with model-
initialized parameters or very site-specific detailed user-defined initialization.” The claims and
opinions put forth by Dr. Engel in his expert report on phosphorus loads to Lake Tenkiller, and
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on which phosphorus loads come from which land uses, are not generalized but are intended to
be specific to the IRW. These claims cannot be supported with a generalized application of
GLEAMS, but must be supported with site-specific data that reflect real-world conditions in the
IRW.

Most of values used by Dr. Engel for his GLEAMS nutrient parameter input files were default or
generic values, not values based on any actual data from the IRW. In his expert report, Dr. Engel
did not describe any investigations he conducted to determine whether these default or generic
values were appropriate for the IRW. This calls into question the accuracy and reliability of his
model results.

Summaries of the actual plant nutrient parameter input files that Dr. Engel used for pasture, crop,
forest and urban land uses in his GLEAMS model are contained in Appendix B of my expert
report. Also included in Appendix B are tables containing line-by-line descriptions of each plant
nutrient parameter input file for each of these land uses. Below are concise summaries of my
key points for the nutrient parameter inputs used by Dr. Engel in his GLEAMS model.

Pasture is the most important land use category in Dr. Engel’s GLEAMS model because he
represents almost half of the 1,000,000 acres in the IRW as pasture land and he assumes that
poultry litter is applied to every acre of this pasture land. His GLEAMS model inputs for pasture
land are based directly on example Table A-19 from the GLEAMS Manual (Table 1). He used
10 default values from GLEAMS and 10 generic values taken directly from Table A-19. Note
that blanks in GLEAMS model input files signify that the internal GLEAMS default value is
used instead of a value externally specified by the user.

For pasture land, Dr. Engel provided his own values for only seven of the 27 required GLEAMS
nutrient parameter inputs (Page D-41 of his expert report):

e AOM: organic matter content in animal waste

e APHOS: total phosphorus content in animal waste

e APORGP: organic phosphorus content in animal waste

e CLAB: labile phosphorus concentration in the soil horizon

e DF: date of fertilizer application

e RATE: application rate for animal waste

e RESDW: crop residue on the ground surface when simulation begins

Apart from CLAB, as discussed above, four of these seven nutrient parameter inputs are
described on Page D-18 of Dr. Engel’s expert report. These include RATE for total applied litter
(223,000 tons/year on a dry weight basis), APHOS (2.08%), APORGP (0.98 organic P/total P)
and DF (April 1).

The most important of these GLEAMS nutrient inputs are RATE, APHOS and total applied litter
phosphorus (4,642 P tons/year). As described on Pages 19 and 20 in Appendix B of Dr. Engel’s
expert report and summarized in two spreadsheets (Smith00003221 New_Calculations.xls and
Engel00000186_Poultry Comp_forBernie.xls) produced by the Plaintiffs, the only data from the
IRW Dr. Engel used to develop the GLEAMS input values for these parameters were the
numbers of birds in each IRW county. All of the other data required to develop input values for
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these parameters (average manure generation rates in lb/finished bird, average moisture contents,
average percent total phosphorus on a dry weight basis, and average bird weights at market) were
taken from Nutrient Management Plans (NMPs) for a different watershed than the IRW. Ms.
Megan Smith, who conducted the phosphorus mass balance study in Appendix B of Dr. Engel’s
expert report, under Dr. Engel’s direction, admitted in her September 10, 2008, deposition that
she does not know if the values reported in these NMPs are calculated numbers or production
numbers based on actual data, and that she never investigated this.

Not only were most of the data used to develop these important parameters taken from a
watershed other than the IRW, but Dr. Engel ignored phosphorus measurements for litter
samples (APHOS) collected by the Plaintiffs from 20 poultry houses in the IRW, as well as
samples collected from poultry litter fallen from trucks (Olsen Expert Report, Page 2-3). Dr.
Engel derived his value for APHOS by simply dividing total applied litter phosphorus (4,642 P
tons/year, Appendix B, Engel expert report) by his value for total applied litter (223,000
tons/year on a dry weight basis) for the IRW.

The rates of poultry litter application (RATE) assumed by Dr. Engel in his GLEAMS model do
not reflect actual practices in the IRW. Dr. Engel divided all of the pasture land in the IRW into
four zones and assumed that poultry litter in his GLEAMS model was applied uniformly to each
acre within each of these four zones. In his deposition he stated that the rates of application he
assumed in his model were not the rates per acre actually applied in the IRW. This is important
because half of the 1,000,000 acres in the IRW in Dr. Engel’s GLEAMS model is represented as
pasture land and he applies poultry litter to all pasture land in his model.

Dr. Engel also assumed that all of the poultry litter in his GLEAMS model is applied on a single
day each year (NF = 1) for all pasture land in the entire IRW and that this date is April 1 (DF =
April 1). This does not reflect actual practices in the IRW, nor is it consistent with Dr. Engel’s
own expert report. As shown in Figure 4.1 of Dr. Engel’s report, poultry litter is applied in the
IRW during each month from January to December of each year.

This means that in Dr. Engel’s GLEAMS model the total amount of poultry litter applied for the
entire year is applied on a single day in a single “heap” regardless of whether it is raining or dry.
This does not reflect actual practices in the IRW.

Dr. Engel determined APORGP by using APHOS and assuming that the ratio of organic and
total phosphorus taken from the GLEAMS Manual (Knisel and Davis 2000) was appropriate for
the IRW. He did not document how he determined AOM or RESDW in his GLEAMS model.

For crop and forest land use areas, again most of nutrient parameter inputs Dr. Engel used for his
GLEAMS model are default or generic values, with the exception of CLAB as described above.
His GLEAMS inputs for crop land are based on example Table A-20 from the GLEAMS Manual
(Table 2). He used 28 default values and 37 generic values taken directly from Table A-20. His
GLEAMS inputs for forest land are based on example Table A-21 from the GLEAMS Manual
(Table 3). He used 20 default values and three generic values taken directly from Table A-21.

There are no examples for plant nutrient input files in the GLEAMS Manual for urban land
because GLEAMS is an agricultural model. Dr. Engel set his GLEAMS inputs for urban land
use with alfalfa-hay as the specified crop type. As described above, this is a misrepresentation
because urban land is very different than agricultural land for growing hay. Dr. Engel used 18
default values and four generic values taken directly from Table A-21.
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Overall, Dr. Engel used default or generic values for 130 of the 140 (93 percent) plant nutrient
input parameters that he needed to run his GLEAMS model for the IRW. These default and
generic values are not based on site-specific data for the IRW, nor is there any documentation in
Dr. Engel’s report of investigations he conducted to determine whether these values were
appropriate for the IRW.

In summary, the phosphorus component of Dr. Engel’s GLEAMS model is almost entirely a
generalized application and is not specific to the IRW. Dr. Engel has not demonstrated that the
nutrient inputs to his GLEAMS model represent real-world conditions in the IRW. If his model
inputs do not represent real-world conditions, then neither can his model outputs. Consequently,
Dr. Engel cannot claim that predictions from his model for phosphorus loads to streams and
rivers in the IRW, or his predictions for which phosphorus sources come from which land uses,
are accurate and reliable.

Supporting Statement 2f: In contravention to generally accepted practices in the scientific
community, Dr. Engel did not compare the predictions for hydrology from his GLEAMS
model to any observed data in the State of Arkansas or to most of the observed data in the
State of Oklahoma.

To demonstrate that a model corresponds with reality it must be “confronted with data.” A
thorough model evaluation includes comparison of model predictions with the available site-
specific data. If substantial portions of the available site-specific data are “left out” during the
model evaluation process, a model cannot be considered accurate and reliable. While it would
be appropriate to ignore observed data that fail to meet QA/QC criteria or that are not
representative of the true system being modeled, Dr. Engel ignored the vast majority of the data
available to him when he calibrated and purported to validate the hydrology component of his
GLEAMS model.

This point is emphasized on Page 3 of SERA-17 (2005) where it is stated that, “In our opinion,
watershed-scale predictions of loadings to lakes are not reliable unless extensive, site-specific
calibration is used.”

There are 15 USGS stations with measurements for daily average flow in the IRW (Figure 8).
Dr. Engel compared the hydrology outputs from his GLEAMS model to observed data for
monthly average flow at only three of these stations, Illinois River near Tahlequah, Baron Fork
at Eldon, and Caney Creek near Barber. These are the last three stations before Lake Tenkiller
and are the outlets for each of these three subwatersheds to the lake.

Dr. Engel ignored all of the observed data that were available at the seven USGS stations in
Arkansas. These stations represent 22,273 measurements of daily average flow during 1997-
2006. Dr. Engel also ignored observed data that were available at five additional USGS stations
in Oklahoma besides the three outlet stations. These stations represent 17,074 measurements of
daily average flow during 1997-2006.

Overall, there is a total of 50,030 measurements of daily average flow at the 15 USGS stations in
the IRW during 1997-2006, including the three outlet stations on the Illinois River near
Tahlequah, Baron Fork at Eldon and Caney Creek near Barber. Dr. Engel ignored 79 percent of
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these measurements in his calibration and purported validation of the hydrology outputs from his
GLEAMS model.

It is important to check a watershed model “along the way,” not just at the downstream outlets.
Failure to do so undermines the accuracy and reliability of the model for attributing the relative
contributions of sources in the watershed. It is not just about how much water gets to the outlets,
but also about where it came from and how it got there. If a model is to be used to make claims
about phosphorus loads originating from local sources in the watershed, then it must be
confronted with data that actually represent these local sources.

U.S. EPA (2008) recommends conducting sensitivity analyses to characterize the most and least
important sources of uncertainty in environmental models. Sensitivity analysis investigates how
model outputs are affected by changes in selected model inputs. On Page D-41 of his expert
report Dr. Engel lists eight soil parameters that he calibrated and purported to validate for the
hydrology component of his GLEAMS model. Dr. Engel stated in his deposition that he did not
perform any sensitivity analyses with his models for the IRW. Consequently, the impacts of
uncertainties in his GLEAMS hydrology parameters on the model results were not established
and are unknown.

Supporting Statement 2g: In contravention to generally accepted practices in the scientific
community, Dr. Engel did not compare the predictions for phosphorus loads to edge-of-
field from his GLEAMS model to any observed data in the States of Arkansas or
Oklahoma.

Dr. Engel’s GLEAMS model predicts phosphorus loads at edges of streams and rivers in the
IRW, and his routing model predicts phosphorus loads delivered to Lake Tenkiller at the last
three USGS stations upstream of the lake. These two models are linked in series with the output
of the GLEAMS model providing the input for the routing model. Dr. Engel uses these two
linked models to predict not only the phosphorus loads to Lake Tenkiller, but the relative
contributions of poultry litter to these phosphorus loads.

The U.S. EPA (2008) guidance on environmental models states on Page 12, that “When
employing linked models, the project team should evaluate each component model as well as the
full system of integrated models at each stage of the model development and evaluation
process.” Dr. Engel presented no results in his expert report for the evaluation of his GLEAMS
model, but presented results only for his routing model by comparing it with observed
phosphorus loads to Lake Tenkiller.

The phosphorus loads to Lake Tenkiller are a “soup” that represent the sum of all phosphorus
sources in the entire IRW and contain no information on the relative contributions of any
individual source. For Dr. Engel’s models to support claims on the relative contributions of
poultry litter, they must be “confronted with data” at the source of these poultry litter
contributions, not at the last three stations before the lake where these contributions have become
part of the “soup.” This means that Dr. Engel’s GLEAMS model must be compared with
observed data at edge-of-field.

This point is emphasized on Page 3 of SERA-17 (2005) where it is stated that, “In our opinion,
watershed-scale predictions of loadings to lakes are not reliable unless extensive, site-specific
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Finally, the concept of model “validation” put forth by Dr. Engel is at odds with the position by
Dr. Scott Wells, another expert for the Plaintiffs who used the results from Dr. Engel’s modeis
for his own model of Lake Tenkiller. Dr. Wells presented a paper entitled, “Surface Water
Hydrodynamics and Water Quality Models: Use and Misuse” at the 23™ Annual Water Law
Conference, San Diego, CA, February 24-25, 2005. On Page 9 of that paper Dr. Wells states, “If
a model is applied to an independent data set and the model matches data well with the original
parameter set, then one can say that the model was calibrated well to the 2 time periods under
consideration. When the term validation is used, it makes others think that the model is “valid”
and does not have serious weaknesses. This though can be an inappropriate label. Hence,
discarding the term altogether would eliminate this misconception.”

Again, consistent with U.S. EPA (2008) guidance, and with the position by Dr. Wells, Dr.
Engel’s purported “validation” is an inappropriate characterization and no claims of validity or
lack of serious weaknesses can be implied.

Not only were the models in Dr. Engel’s expert report not validated, but the calibration approach
used by Dr. Engel was circular and fundamentally flawed. Consequently, the results from his
models do not have scientific credibility nor are they useful for supporting environmental
decisions.

Supporting Statement 2j: Dr. Engel did not follow his own published guidance on
procedures for standard application of hydrologic/water quality models.

Dr. Engel was the senior author on a paper entitled, “A Hydrologic/Water Quality Model
Application Protocol,” that was published in the Journal of the American Water Resources
Association, October 2007, Volume 43, No. 5, Pages 1223-1236. This paper was co-authored by
Dan Storm, Mike White, Jeff Amold and Mazdak Arabi.

On Page 1224 of his paper, Dr. Engel stated that, “By definition, the scientific method is
impartial and the results from the application of the scientific method must be reproducible.
Therefore, the modeling protocol and associated documentation must provide enough detail to
allow the modeling project to be repeated.”

On Page 1231 of his paper, Dr. Engel stated that, “For projects supporting regulatory decision-
making, the USEPA (2002) suggests the level of detail on model calibration in the Quality
Assurance Project Plan should be sufficient to allow another modeler to duplicate the
calibration method, if the modeler is given access to the model and to the data being used in the
calibration process.”

In an E-mail on August 13, 2008, from David Page to Robert George, the following information
was provided in response to a request by the Defendants for a step-by-step procedure for
generating GLEAMS model outputs for daily phosphorus loads: “Calibrated yearly GLEAMS
files were manually modified to better match P load timing by modifying labile phosphorus
concentrations in the soil horizon.”

A letter on December 8, 2008, from Ms. Claire Xidis to Mr. Robert George, stated that “ ... Dr.
Engel has informed us that the parameters used for the routing equations are included in the
errata. These were obtained by adjusting the parameters to match the observed data. The
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3. The modeling results put forth by Dr. Engel in his expert report are not
accurate or reliable to a reasonable degree of scientific certainty.

Supporting Statement 3a: The routing model developed by Dr. Engel can be calibrated
using a wide range of different watershed loadings, including random values; consequently,
his calibration does nothing to corroborate his GLEAMS model outputs or his WWTP
loads.

The models developed by Dr. Engel are insensitive to changes in the timing of his phosphorus
loads to streams and rivers in the IRW and to wide ranges in the magnitudes of his phosphorus
loads from nonpoint source runoff and WWTPs. It can even be shown that predictions from Dr.
Engel’s phosphorus routing model can still be calibrated to his observed phosphorus loads to
Lake Tenkiller for random inputs. In practical terms, Dr. Engel’s models cannot tell the
difference between actual phosphorus loads to streams and rivers in the IRW and phosphorus
loads that are simply made up.

I conducted a series of analyses with the phosphorus routing model described on Page D-21 of
Dr. Engel’s expert report. 1 conducted these analyses using Dr. Engel’s routing model
spreadsheet (“p_model 10_15.xls”) and values from within his allowable ranges for each of the
four coefficients (a, b, ¢ and initial P accumulation) in this model, as described in his expert
report and in his deposition.

Figure 19 shows that if the chronologies for Dr. Engel’s predicted phosphorus loads to streams
and rivers in the IRW for 1998-2006 are reversed, his phosphorus routing model can still be
calibrated to his observed phosphorus loads to Lake Tenkiller. Specifically, Dr. Engel’s
predicted daily nonpoint source loads from GLEAMS plus his WWTP loads were reversed from
last day to first day for each of the three subwatersheds in the IRW. Upon comparison of results
in Figure 19 with those in Dr. Engel’s expert report (reproduced in the top panels of Figures 15-
17) it can be seen that the results for the reversed chronologies are practically the same for the
Illinois River near Tahlequah (R? decreases from 0.974 to 0.963) and are actually improved for
both Baron Fork (R” increases from 0.781 to 0.914) and Caney Creek (R? increases from 0.625
to 0.7214).

This demonstrates that Dr. Engel’s models are not sensitive to the timing of his predicted daily
phosphorus loads over his 9-year calibration and purported validation period from 1998 to 2006.
In fact, his models produce somewhat better results when his predicted daily phosphorus loads
(plus WWTP loads) are run backwards in time. Because predicted daily phosphorus loads from
his GLEAMS model are driven by rainfall events, and he treated WWTP loads as daily
background loads, this means that Dr. Engel’s linked GLEAMS and routing models cannot tell
the difference between rainy days and dry days in the IRW.

It can also be shown that wide ranges in the magnitudes of Dr. Engel’s WWTP loads, and his
predicted phosphorus loads from GLEAMS, can still be calibrated to his observed phosphorus
loads to Lake Tenkiller by his phosphorus routing model. Figure 20 shows the ranges in each of
these phosphorus load components to streams and rivers in the IRW that can still be calibrated to
Dr. Engel’s observed P loads to Lake Tenkiller each year from 1998 to 2006. The top panel
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shows results for WWTP loads to streams and rivers, and the bottom panel shows results for
predicted phosphorus loads from GLEAMS to streams and rivers. Note that the phosphorus
loads in this figure are shown on logarithmic scales. The vertical scales in each panel are
extremely large and range from 10,000 to 1,000,000,000 Ibs P/year.

For each of the three subwatersheds (Illinois, Baron Fork and Caney Creek), Dr. Engel’s routing
model was re-calibrated to fit these increased WWTP and GLEAMS nonpoint source loads to his
observed phosphorus loads to Lake Tenkiller with R? values equal to or greater than those in his

expert report.

In practical terms, if there were an additional 96,727,276 people in the IRW, an almost 345-fold
increase, then Dr. Engel’s routing model can still be calibrated to his observed phosphorus loads
to Lake Tenkiller with the additional WWTP loads from this population (plus the nonpoint
source phosphorus loads from GLEAMS). This WWTP load estimate is based on a human
population of 280,383 in 2000 (Table 2 in Appendix B of Dr. Engel’s expert report) and an
annual per capita production rate of 1.298 Ibs P/year which can be calculated from the
information in Tables 2 and 3 of Appendix B. This example is conservative because it assumes
that all of the waste generated from the additional population is untreated and that 100 percent of
it is delivered directly to streams and rivers in the IRW.

Again in practical terms, if there were an additional 2,356,541,356 birds per year in the IRW, a
greater than 15-fold increase, then Dr. Engel’s routing model can still be calibrated to his
observed phosphorus loads to Lake Tenkiller with the additional nonpoint source phosphorus
loads from GLEAMS (plus Dr. Engel’s WWTP loads). This estimate of additional birds is based
on materials produced by Dr. Engel (“Smith00003221_New_Calculations.xls”) stating that there
were 151,781,155 birds (broilers, layers, pullets, turkeys) in the IRW in 2002 and that each bird
produces an average of 0.0612 Ib P/year. Again, this example is conservative because it assumes
that all litter from these additional birds is applied to pastures and that 100 percent of the
phosphorus in this litter runs off to streams and rivers.

I make no claim that the annual per capita production rate of 1.298 Ibs P/year or the average
annual production rate per bird of 0.0612 Ib P/year are accurate, but only that these are the values
that can be derived from materials produced by Dr. Engel.

These results show that the phosphorus routing model developed by Dr. Engel, when presented
with a wide universe of possibilities, cannot even come close to “pinning down” the real
nonpoint source runoff loads to streams and rivers in the IRW, nor can it tell the difference
between Dr. Engel’s WWTP loads and WWTP loads that are many times higher.

Furthermore, if Dr. Engel’s routing model cannot “pin down” either of these individual
phosphorus sources, then neither can it “pin down” their relative contributions. Because his
model cannot tell the difference between such a large increase in a particular source, then it
cannot be accurate and reliable for allocating phosphorus loads back to individual sources in the
IRW.

As a final demonstration that Dr. Engel’s phosphorus routing model cannot “pin down” the real
phosphorus loads to streams and rivers in the IRW, I determined that it can actually be calibrated
to his observed phosphorus loads to Lake Tenkiller for random inputs. Figure 21 shows
predicted versus observed phosphorus loads to Lake Tenkiller in the Illinois River near
Tahlequah for the calibration and purported validation results in Dr. Engel’s expert report (top
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panel) and daily S&P 500 Stock Index values (bottom panel) for the same period (1998-2006).
The R? values are 0.974 for both sets of results. In simple terms, Dr. Engel’s routing model
cannot tell the difference between phosphorus loads to streams and rivers in the IRW and stock
index values.

In summary, the models developed by Dr. Engel are conceptually flawed, not scientifically
credible and not reliable quantitative tools. His models can accept inputs that do not make any
sense and calibrate these inputs to his observed phosphorus loads to Lake Tenkiller. Therefore,
the relationships between his model inputs, which are phosphorus loads from the watershed, and
his observed phosphorus loads to Lake Tenkiller make no sense.

Dr. Engel’s models cannot tell the difference between rainy days and dry days in the IRW, nor
can they tell the difference between his own phosphorus loads to streams and rivers, and
phosphorus loads that are simply made up. When presented with a wide universe of possibilities,
Dr. Engel’s routing model cannot even come close to “pinning down” the real phosphorus loads
to streams and rivers in the IRW, nor can it “pin down” the relative contributions of individual
sources. Dr. Engel’s models are not reliable quantitative tools for predicting phosphorus loads to
Lake Tenkiller or the relative contributions of any individual sources to these phosphorus loads.

Supporting Statement 3b: The opinion by Dr. Engel that poultry litter land application in
the IRW is a substantial contributor to phosphorus loads to Lake Tenkiller is based on
model results and methods that are conceptually flawed, incorrect and not reliable.

Opinion 8 on Page 2 of Dr. Engel’s expert report states that, “Poultry waste land application in
the IRW is a substantial contributor (45% between 1998 and 2006 and 59% between 2003 and
2006) to P loads to Lake Tenkiller, representing the largest P source.” The phosphorus
allocation to each source is shown in Tables 10.14 and 10.15 on Page 93 of Dr. Engel’s expert
report.

First, Opinion 8 is based on results from Dr. Engel’s models that are not reliable to a reasonable
degree of scientific certainty. Second, even if Dr. Engel fixes all of the deficiencies in his
models, as described above in my Opinion 2 and Supporting Statements 2a through 2m, and
follows SERA-17 guidance, U.S. EPA recommendations on environmental models, and his own
protocol for application of hydrologic/water quality models, his entire modeling framework
remains conceptually flawed and inappropriate for the IRW. Third, as described below, the
methods that Dr. Engel used to develop the phosphorus allocations to sources in his Opinion 8
are themselves conceptually flawed, undocumented, contain numerous errors and
inconsistencies, and are not reliable to a reasonable degree of scientific certainty.

Dr. Engel’s models predict only total phosphorus loads and contain no information on individual
sources of phosphorus. He stated in his deposition that neither his GLEAMS nor his routing
model identifies poultry litter as a phosphorus source and that this identification requires
interpretation of outputs from these models after they are run. Dr. Engel uses a separate
allocation method (“allocation_S_2.xIs”) to process and interpret the outputs from his GLEAMS
and phosphorus routing models, and determine the relative contributions of individual sources to
phosphorus loads to Lake Tenkiller. Despite the importance of these results in forming his
Opinion 8, Dr. Engel did not include any documentation in his expert report of the methods he
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APPENDIX B

ANALYSIS OF GLEAMS MODEL INPUT FILES
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Table B-5.

Dr. Engel’s Plant Nutrient Parameter Input Files for Pasture Land Use

Sources of information;
1) CRLE A8 pesameser ingoat vshuss were evtrasted froms the 1% FAR files oad INP.FAR files wocated i th JLLINCTR BARRCNFOR, and CANEYCREEK, sub-foldery
i the fotlwing, diructiy: “NLRWLAW [ilixport Reperts Bugeldeecsais Gleans_Wisnoli?. 1 BUTURE_IG0FRY"
2 Evesel, Wk and Sravis, FAL 2000, GLEAS @ z o,

31 “Espert Report” refers ter
faahe Tontilier, Expurt Report of fie. B. Srygel, For Stotg of Okiatema, i Cass ¥o, 05-CU

Narvhocn

Subgees, Ri: Fofitns Lip Froms from Judy 11 Telsconfioresor with e Bagsd,

57 Patamater input vates singes sel for the antomited <alieatios
RARBRONEORT, ansd vANEY CRERY owb Jiokdess in the foilmwing direstony: "N AFLAW PExpsr_Reperts BngslMaterialeHeans_Finall.] FUTURE_IDYR"

Plant Nutrient Parameter Tnput File for Pasture Land Use

oadiere via th Shled Vimples Booludion

(INPPAR 2NPPAR)

oritis (HCE-

A0 From David Page: To Robert Censge, Louss Budbook, David Riggs, labeth Clatre X

Systemst, Varsion 3,0, User Mansssl, Pub, No SEWPL-WGREMD-05 99,

oy Wt Gorieratian and Leand Appiication i e Fitimais River Weatersived and Phosphorss Lads e the Flots Fbver Waersheot Srseams amd Rivers wnd
)-520-GHE A1, State of O¥lahoma . st Foods, et af, G he Uited Susiés $rsatrict Crairt for the
ssrvicn s Ottakoma), D, B. Bngol, PE. Profersor of Agriculinral and Bilogics] Rrgieertag, May 2
4} Bwaist] omerpspendence on Wedesday, Avgust 13, 2098 8.7

Uijwere axirasted i the "SCEDAT® file in tae 1LLINOIS,

Ibcaitice the particala compoter sun, For exsmple, fhe soff Fhs v description does st grovids any fosmation rega ding G sitespeific
2d | PITEE | type the coop sotation. the illags prastives, msy b uscl | No Units o pptiatios o th SRW. The rin descxiption b & gener description Sl was xken Trom
i idoniifying b 189 of the GHLEAMS urer spmal
s ik ol i GLEAMS spalicasion.
7 NEVR dation, Vom et 501 ES)
i NEVR vt veax of plant uts oot spmalstion £ oot e 35
v RUTOUT | Cede o dew, ; : o Uity b 7 EY
7 Fonor Rugmbee of yours i 3 clop o Ui ' i A5
T passmar | Co o g of N omd hmnﬁwa&w&m«‘ [T " N N i
Jostw |Crnp residue on the groved surface when sinndlation bogine | Kabx sxs6 | wsas | oens caL A s o pmenaci st Phics wer: "“m‘:‘m”“"" betsween § and
3 1254 Sl o 13 o) oE [T &
3 =7 7 o o Py 3
3 =] o st e OF
SEsE YRR e T e
vess | oesss | oess | aosy
& ™o T“:: vy soit ’W‘j;” % o043 ooy | aows | aos = Praemates ingrts ave bissed one to five for exch soil kotizon
(Rmbr hasizme s043 wodx | oo | aos
voxi | sey | oen | oun
3 1 0 0
. w w m 1
] = g 10 7 2 =y 5
cvrre P oy oy 5 70 o E Pasametes ingus sre listed am @ five for cach 2oil harzzos
umber of o Borizoss: 18 74 70 16
38 38 8 Y]
7500 Tsas 1 Tied | 1500
g s ot 150.0 o0 | en | 1500
& |{rommvy " " i ac whe | omos | 2w | mes | mes o Pacametss s ave listed ome to five for gach cofl horiae.
immbes o soil hosizons 5} 2500 mea | mus | 16
1458 yime_} tase 1 ouse
i p—— i
v | omavw % o 6 o s o
Borie,
Fotal phasphonctn in cach tndl Bt vrom -
” *e (oo ol s0i horizons 5) bt el
Favowmcies impte ave Bt o o Fova Fot cach sorl vz,
a7 wz | s1e | osan Sitinois River patsmieter inpis valuss Wers cabibratod and comstrainod hotsvech 199 sl
. - " s21 6.5 s23 | sus 3450 sing o atotatea cobration
| e ‘ = e 435 B3 51 | s cAL Flacon Fork andt Caney Uretk parameter ingut values calibeaicd and constesined
{tusnb of sl bosienns = 5) 07 754 w09 | ma betereon 50 anl 136 wsing 20 autmated cabibration
375 e 57 23 Al sub-asin inpar values sttt the
& colibration
12 | OREPW | D B oot froms animal sasts in plow herizon. % o o o [ an
Dt that the following parametors sco vabid, yoar ot e |
3 Yot 1651 1001 A8
- roTE s v i o tinite 1001 wot
I »r N“""““‘Wﬁrwwamwm ST o Uit s t 1 s as
r NI | Nember of tllage opesations dwing tho tpdate periad. | NoUnits | 0 @ s o s
o | mrmvsy | Dol havest g of e coop oo yele sl d o v | e 1516 e | o 58
S day.
5 RO esdinition smbex of the op grown duteg G |y, 2 2 H z Alfsbiadory s the crop type specified,
i LEG Tode fos o Unis, o v 9 D
5 e Potestiat yictd Tor e barvestable potion of thesep. | Egla | 4500 asoe | asoo | ason e
s pary | e T, the i oF Lolal g s P | e, o, oF
s crop.
75 =7 ' T Bhe crop, e T oF
5 Fi7a Foasio of i o U DF
[T - S P — .
C e
3 e iy o Uinits vF
- [ ISP e e ——cI R ———— - :
.
15 oz oy N Uoits o
Tilmos Fver pazomsotes Inpun vabos wore Calibrated and somstrames betwoc 60 0
st of fomitians application, yosc of i crop 1otafions and - 300 using s ansosated calleatian
I r caL
* o Sulian ey olnie | to6s Rl RGN A Hasous Fork ave Claney Criek runavseter topsot vakies. were cabibrated ams consisined
bty 100 sud 120 peing
w | srERr ot method af fortilization o Units ' ' ¢ ' a8 ot ¥ indicates that pplind
75 L METHAP, o for mmetbod of application. Notwe | 3 ) [ Y Code 0 4 face mph F Rertilrs o smoal waste,
ST T et e spcifics ol e N awl B, s
I yTYRE [ — o Units It 1 5 i As Sode 7 15 inilicates diat dhe sser s, on amt b, = and]
i st st
1 7 Fetitiror mitrate g A o Spped if apansad
T EE73 Fersiizes smmonts_ Exta Ty 2 Kippod if aniwal weasie it applicd
T ya Fevtiizer phocphorns s 7y o pe
7 DEFIN Wy o A Car
P’ FRIWAT Thopih of water spplied for fertigation :m XA Cavd 1] s oo
o . . prsem—p—y Nibrsted ol costiaied betwwsen 5.1 38
" rATE Application cate fon antimal waste. e ase 093 ess | o1 e o
| hEP Deptivof o T G [ 5
3 ATH o sl o, £ ErT) Za1 FTTIN MET)
16| APORGY. : et % 208 208 zox | zow
5 i iy comtend s wvins) wiete: % 572 o7 | em | o7
) e o N E apt vatucs Jitated bt 1 664
w | arnos Total phosphorus sonteat i aimal wast: % 178 L 235 | 23 eaL ot 2406 weing o :
o T ond
w | arorer ugaic phosphort sontent i woimal st % 495 owr | ow Al pussmets i wore o ““”:ff
™ o p— e "y s . e o A b basts o i vabics wery aibsted s Sonsiined bowenn O 13 st
i comtest in aninal 6.0 ug calibsation
T 2 T ol sy Koy | N Upin i ¢ T i £ i - | demotes that waske 5 3 soled
15 | WEDay | Due of 6hugs, veur of crog rotation cvcle and Tubian day. | Mo Unis EN
” LB | Corte o desianate the Gllage implement or cauipent wied. | Fo Unitx xa
] B P WA
15| EFFIVC o Uit HA
) P g Ui E7Y
Abreviations;
A% Appsasion spesifie parametey value ppticd o set simalation thac pesiods, outt prefersnces, and paraucies codes fot pasticulss methed spplications (o meitod of fertiization)
e GLEAMS debimlt parimnctes vabie applied
TAL  Colibraiod paranmic vahie applicd
a8 Chemeic o sxmeple vas from p. 189 of the GLEAMS nscr smanal applicd nlocs noted othersine
WA ot applicebe, Phrameter st value mas ot be required if certin sl afriatss arc ot seletod, Pov sxatmple, parsteeies napts resgeisod Lo foxtifiner spplisation
ol ot be roquited if 3 partioulas xnd nse or fiekd s not fexilized
58 Siuapocific parancios value spplicd.

e Utiois River subbasin i comprised of ouirient foading Zosks 2 and Zowe 3 lsve p. D17 of Haigels Expert Report). There aso separat pastare natwiont inpt fikes for Zows 2 and Zosse 3.

The 1N PAR wistricnt inpet file in sperified for Zove I snd the 280 PAR file is spueitiod for Zons 3.
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Table B-6.  Dr. Engel’s Plant Nutrient Parameter Input File for Crop Land Use
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. .
Table B-7.  Dr. Engel’s Plant Nutrient Parameter Input File for Forest Land Use

Sources of informetion:

1) GLEAMS parcmeter input vatues were extracied from the IN® PAR files located i the ILLINOIS, BARRONFORT. and CANEYCREEK swbfoiders

in the following direcsory: "N:IRWLAR 1 \lixpert_ReportsdimgelMaserialsiGleams Finaf\ 1.1 FUTURE_|00TRI**

2} Krnisel, W.G. and Davis, FM. 2000, GLEAMS (G dy Looding Effects of Agricw A Systems), Version 3.0, User Marmol. Pub. No. SEWRL-WGK/FM-030199.

3) “Expers Report” refers & “Prodory Wasie (lemeration and Land Application tn the 1llimoix Rvsr Watershed amd Phasphores Loads 16 te Hlinois River Watershed Streares and Rivers and

Lake Terkilicr, Expert Report of . B, Engel, For State of Okdahomea, In Case No. 05-CU-3I9-GKF-SAT, Stae of Okiahor v. Tysor Foods, ot al, (In the Urited States District Court for the

Novthers Dissrict of Oklahorsaj, Dr. B, Engel, P E. Professor of Agricultweal and Biological Ewgir g, May 22.2008"

U Email comesporkence om Wedssaday, Awgust 13, 2008 8: 37 AM; From 1avid Page; To Robert George, Lowis Bullock, David Riggs, Elizabeth Claire Xidis;

Sudgect, RE: Follow Up ltems from July 11 Teleconferemce with Dr. Engel

Plant Nutrient Parameter I;gmt Filzfar Forest Land Use (INF. PAR)

Theeo #0- haaat
ideatifics the prrticlar computer run. For cxample, mnul The run deription docs 0t provide say ixlormetion rogarding the shc-spocific
13 TIVLE | type, the crop rotation, the tillage practices, mey be wsefal | No Units G npplication t the IRW. The ran description is & geactic deacription thet was teken from
in identifying 0 exaumple gt fike o p. 189 of e GLEAMS user saxusl.
£ NBYR Boyiuning year of phey mitrient smubstion. Year 1901 1901 1901 AS
£ NEYR Ending yos of plent putrivat smwlation. Yenr 2000 2000 2000 AS
4 NETOUT. Code w0 dosigrmie level of printed nutriet oput. No Units 2 2 2 AS
¢ FLGROT Tumber of yous th 8 crep rowtion cycle. No Units 1 i i AS
thﬂﬂ?&mu&wﬂﬂwd _
L FLGBAL No Units 0 0 ¢ AS
3 RESDW  [Crop remdue on the grod sarfeoe when gimuiation bogizs. | kg/be ¥
s ROV itropon concratration in reixdall e DF
E M Comsentration of aitrato-strogen in Arigpdion. PR DE
s (o4} Concentration of 1abil i > PP DE
Totul trtrogen tn cack soit borizon.
d ™0 (Number of wit horioons = 3) * bl
Nitrate-nitrogon concontration i each sofl horizos
7 oy (7] o o borizoms = 57 w'g DE
Potcriially mineratizable mitrogen i each soil harizon.
8 |romme (Nt of woil Bosizors = 5) ke ¥
’ ORENW Ot retrogen contesd (rom enimal waste in the plow .
hotizon
Totsd phomphocus in cach sail horzon. .
Ie PG of aoit hoti 5 D¥
Labite phosphorus concetration in each soit borizon. CLAB inpet valves wrc the same for sl soil borizons.
" e (Number of soil borizons = 5} s = = = CAL |} abike pleosplons inpes vaues weore ity modified doring the calibration procoss
12 ORGPW Orgasic P comord froem snimal waske i plow borizon. % D¥
Dinic that the following parsmetcrs aze valid, year of the: .
i PDATE cron rotah s Yubing dny. NoUsts [ 1001 1001 1001 aN
" NF m«ofmhw;dmmmm No ¥
the upduz period.
4 ATH, Nusnber of tillage operations during the updeiz period. No Units DF
" paryy | Do of ctop hervest, year of the crop cotstion cycle and | 4 -
Jalinn duy.
5 Jcrop | entibextion mmbor of B coop grown duriog 85 | oo iy | 60 ) P an Trses-conifer s the caop fype specified.
I8 LEG Code for logame otap. No Units ¥
15 PY Potentint yiekd for the harvestubie portios of the crop. kg/he oF
Dry mmtier mbio, thnmo{tohldrymxzpmdmmnm .
15 DNY of the cavp. Mo Units ¥
FAS CANR Carbor:ritrugen tio for the crop. Mo Ursits 3.
15 RNP Htio of crop mtroges Yo phosphoris. No Unsts B
Cocfficicr in the cxponontial relation (o cstimele Grogen i .
15 <! of tho crop. Ho Units DF
15 Py Exponent in the cxponnrtial relation to catimete nitrogess No Uity e
conton of the
P BF I)acdfanhm.ppﬁmm,ywoﬂheuopymmd No Uni NA
Joian day,
18 MFERT Cods for pethod of fartilizetion. No Units NA
16| METRAP Code for method of spplication No Units NA
is MTYPE Code for animal waste type. Ne Units NA
17 N Fertilizor netoate kg/bm NA
77 FNH Ferklizer emmora. g/ A
Lok Led Fertilizer phosphoras. L HA
17 DEPIN of i i cm NA
17 FRIWAT of weicr iod for om NA
18 BATE Application nite for animel wasc. tvhe NA
is DEFIN Degpth of incorporstion. em NA
18 ATV Total mitrogen in anirel waste. % NA
12 APORGN Orgprmic pitrogon comtom in swimal wesic. % KA
i ANH Ammonia comlent in simal k. bl NA
s APHOS Total phospborus comkont in snimal wase. % NA
1 APORGP Orppznio phophonss cootent in anird waok:. % RA
18 AOM. Organic matior content in animel wastc. % NA
1 WASTEP Type of ezl weete (c g, sotid. ot i No Uity NA
Fig NIDAY | Duie of tillage, yoar of crop mtsfion cycic and Julisu day. | No Units NA
» LTI | Codeto desigrie the tiflage imspiement or cquipment ased | No Unsts NA
s DTIL Dopéh of tllage. cm NA
I EFFINC Effyciency of incorporstion of sorfaoc remdar. No Unitx RA
Fid FNIX Tiflago ousing efficieocy. Mo Units NA
breviati
A8 Application specific parameter value applied to set sinadation time periods, ouput prefesences, and parameter codes for particutar method icath ., method of |
DF OLEAMS defmat pararnetor value spplied.
CAL Calibrated parametcr value applied.
anN Generic or exsmple value trom p.191 of the GLEAMS user manuat applied tmioss noted othernis.
NA Not applicable. Prrtimeter inpet valuc mary not be roguited if oestaint modet atiributes are not sclocted. For example, parameter inputs requited for ferilizer applicetion
would not be nequired if & particular land use ot fretd is not fertilized.
58 Sito-specific parameter value applicd.
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Table B-8.  Dr. Engel’s Plant Nutrient Parameter Input File for Urban Land Use

Sowrces of information:

1) GLEAMS porameter input volnes were extraciod from the IN* PAR flies located i the ILLINOIS. BARRONFORY, and CANEYUREEK sub-folders

in ke followbng déreciory, “N-URWLAW [\Expert_Reports\EngelMatersalsCHeame Fonal ] | FUTURE_I00TR\*"

3 Konisel, W.G. annd Davis, FM. 2000, (HEAMS Kirowdwater Loodig Effocts of Agriceltural Maragemenm Systewy), Varsion 3.0, User Moemal. Pub. No. SEWRL-WGKFMD-030199.
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Plant Nxtrient Parameter Input File for Urban Land Use (INU.PAR)

Theoo $0-charucker limes of Sormtion that
{ datifien the purticolar compoier o, For exmaple, the soif Tho rus description: does not provide mny rogasding the sike-specific
L8 TITLE | tyy, the orop rotatios. muh.:p.m-.ybu-&x No Usits o application ko the [RW. The ru desoripticet is » goweric description e was takes froa
an exarsplo imgut file ca p. 189 of the GLEAMS uax smeual.
ﬂhﬂk‘dﬁ& GLEAMS epphiosion.
L NBFR Begrmaing year of pluat sutrient simulation. Your 1901 1901 190 A%
< NETR Endting your of plast oxirvon mclation. Yout 2000 | 2006 | 2000 AS
L) NUTOUT, Code to dosigrats lovel of printed eutsmes ouiput Ho Unsts 2 2 2 AS
¢ FLGROT Nambos of yoars in & crop rotstion cycle. N Unirs i 1 1 AS
Coxdes fow owpa of N mnd P batance &1 tho ond cack yowr of ;
‘ FLGRAL mnistion. No Usite o o o
s RESDW  [Crop residue on the gromst serface when simelstion bogas.|  kgha 2 4
s ROV ‘Nitrogee concetration in rmafall. P BF
Ed [,] Comvuntration of sitrsio-strogen (a Fiipetics. PP e
5 [x 24 Comceration of i irTigad pe= DF
Totel nitrogen in cach o1l Borizon.
hd ™o (Nomber of soil Rorizons = 5) » o
‘Nitrwhonitrogos concantration in 6ech 30 korimoa.
7 bl (Nsasbos of s borizoss - 5) ke i
Potertially minersiizsble sitroges ia cach soil bocizon
] POTMNG ot el bermmen < 5) ket DF
N ORGNW (wmpmmfr@mm;-ﬁepim “ DF
Siorizon.
Toml phosphonis 16 cwch sl hotipoa. N
1 b (Reusmibor of il urizony~ 5) " e
Labite phosphortss ccacartration i #ach soif harizon
u CLABD o ot a0l 5 ug/g DF
1z ORGEW | Orgmmic P content fram snimel waste i plow korizoa % DE
Dt that the following peramsoinn wo valid, you of the _ -
14 PDATE eeop rotetios cyele we Jafies day NoUsits | 1001 1001 1001 oM
‘Nizaber of fortilizor wed il wasks apphications dutieg o
1 NF e s poricd. No Units ] o 0 GN
" NTIL Number of tillage operations during e updete period. | No Units [ o o GN
10 | prmwsr | Do ofcrop harves your of te crop mmion cyckomad | | jo3ss | 10368 | 10366 AS
Jolise day
15 CROP LdowtiGntion wsber of tho ciop grown dunmp this | ) (s, 2 2 2 AS Alfuita-hay is tho crop type specified
Croppag period,
13 1BG Code for tegine orop. No Usity BE
5 Py Potential yicid for the bervemeble portion of the crop. [ DF
Diry mssttor rakio, tho ra6o of hota) dry matier producton &0 -
s bu harvostbie portion of the srop. No Units e
15 CNR Cachon nitroges e fox tho Grop. o Units o
s ANP Ratio of crop nitrogen fo phocphoras. o Units oF
Coofficint i tbe cxponcoiue reishon 1o estnste airoges B X
” el cominat of the erop. e Units o
Expoocot i the axpanontisl mistion b0 ostiomh nitroges )
15 a et ot or0p. No Usita DF
75 pp | e of berizer apphication. your of e crop rosewon sed | (L v A
s MFERT Cosle fox mothod of foxtilization. Nor Umizs NA
16| METHAP Code for motiiod of spplication. No Deite NA
s MYTPE Code for anizaml wase fype. Yo Units WA
17 ™ Fortitizes aitrade. K/m NA
17 FNI Fertilioo anamovia Kg/ha NA
iz 2.4 Foctfirer phowlures. NA
7 DEFIN Depth of oorporstion. om NA
77 FRTWAT of wakx for om NA
I RATE, Apphtion rade for anizoed wavic [ NA
13 DEFIN, Dopth of tacorpoestion, oo A
18 ATV Towd itrogen in wnimnal waste. % Na
8 APORGN Orpmeic mtroges combort 7 msiwel vaste, % NA
8 ANK Ammonw contest w auiteal waste. % HA
n Armos Tou! phosphors cnteat in simel Wik, » NA
11 APORGE Orpansic phosphons content i saizas! wese. % NA
iE AOM Organic ratior contes! i amal wasic, ss NA
I FASTYP | Type of saima! weste (o wobid, shurry, ot higuid). No Units WA
13 NTDAY | Dt of fillage, yoar of crop rotetion cycle snd efisa dey. | No Units NA
1 L &ﬂemdﬁpm&:ﬁﬂthwqhmwxd No Usits NA
1 DYIL of tiape. s XA
9 EFFINC _wo(mm o Uheits WA
JiJ £aax Tiliage ixing effecioury. Ho Usits NA
o
A8 Application specilic parsmeter value applied to sot simulation timo periods, outpat proferosces, sad puramcior codes for particulor method applications (o g., method of fertilization ).
DF GLEAMS defmult parameter value applied
CAL Cadibrated parsmeter valoo sppliod.
GN Chasric or example valso from p. 191 of the OLEAMS usor maous] applied unleas noted otherwiso.
Na Not applicable. Prrameter inpet vaine may not bo required if cortain model attribiites are not sebected. For cxmmple, pemaoter imputs requirod for fertiizor epplication
wonkd not be roguired if 3 particular land ae o Sold is not fertiltzad.
58 Sitospocific prameter vafue applied
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